By molecular dynamics simulation, discovered is a strange rigid-like nature for a hexagonally packed domain of short chain molecules. In spite of the nonbonded short-range interaction potential (Lennard-Jones potential) among chain molecules, the packed domain gives rise to a resultant global moment of inertia. Accordingly, as two domains encounter obliquely, they rotate so as to be parallel to each other keeping their overall structures as if they were rigid bodies.
The overall evolution of the two domains are shown in Fig. 1 , where the top and bottom panels are respectively the top and side views. From Fig. 1 it is seen that two domains start moving and their orientations become almost parallel at 10.8 ps, as if they were rigid bodies. From this fact, we expect that the LJ potential must have produced an overall torque to make the domains parallel to each other.
The observation that two domains behave as if they were rigid bodies is a striking fact. This is because the interaction forces connecting different chains are the short-range forces of the non-bonded LJ potential under which only the nearest chains interact predominantly. However, it appears that all chains in the same domain react collectively and each domain behaves as if it were a rigid body.
To reveal this striking and remarkable behavior, namely, rigidity of packing, we investigate the time evolutions of the orientations of chain molecules and domains. For this purpose, we define each direction vector of chain molecule in the right domain as u R i (t)(i = 1, · · · , 61), which is a unit vector of the principal axis with the smallest moment of inertia of the ith chain at time t. The direction vector of the right domain, U R (t) is also defined by the average of all chain-molecules' direction-vectors belonging to the right domain, as follows:
For the left domain, we define the directions of each chain and the left domain by changing the suffix "R" to "L", which denotes the left domain, in the above definitions. We pick up three chain molecules in the right domain, which are indicated by 1, 2 and 3 in Fig. 2 . Calculating each angle θ between each chain's direction vector and the basis vector e (≡ U L (0)), the time dependence of the angle is plotted in Fig. 3 . Blue and red solid curves denote the time evolutions of the left and right domain angles, respectively. It is found that the domain relaxation time is of the order of 10 ps. Figure 3 shows that there appears some time delay δt between the angle of the chain on the contact surface and that of the chain on the edge; the value of δt is estimated to be 4 ps from this figure. This fact gives us an evidence that the domain motion is not "rigid" in a strict sense but something like an "elastic" body. From our observations we come up with the following scenario: At first, a torque appears on the contact surface between the tilted domains and then it is transferred to the chain molecules one by one. It takes about 4 ps for information to reach from the contact surface to the edge of the domain. After this initial information exchange of about 4 ps, the phase delay through the domain is mixed up and all chain molecules oscillate in phase. On observing this chain molecules' motion in the long time scale of the domain's motion, we find that the time delay of chain molecules is negligible. Therefore, the motion of domain may be regarded as a "quasi"-rigid body.
The binding interaction forces come from the LJ potential and the three bonded potentials (bond-stretching, bond-bending, and torsional potentials). Since the potential function of each force is known, we can evaluate the oscillation period in each potential well around the minimum energy state. The period is given in Table. I. From this table we can say that the binding forces due to the bonded potentials are harder than that of the LJ potential. This indicates that it would be hard to excite each bonded atom in a chain molecule and to destroy the bonded chain structure. In other words, we may well regard each chain as a rigid chain. From this consideration, we can pay attention only to the rigidity of the LJ potentials acting upon the neighboring chains.
In order to examine the rigidity of the LJ potentials in hexagonally packed domains, we, first of all, pick up one unit hexagonal cell that consists of 7 chains, one chain being surrounded by hexagonally distributed 6 chains (the 7 rigid-chain model) as shown in Fig. 4 . We can derive the LJ potential φ as a function of the tilt angle of the central chain Ω; the central chain consists of the 20 united atoms, the position of which are denoted by r s (s = 1, · · · , 20), and the center of mass of the central chain is defined by r c . The LJ potential φ(Ω) is plotted in Fig. 5 when the tilt is made in the XZ plane and in the Y Z plane. The valley of the potential φ is deeper and steeper than the LJ potential of one united atom. Therefore, when the central chain is deviated from the balanced position, a restoring force, which puts the molecule back to the balance point, is intensified compared with the case of randomly distributed chains.
To estimate quantitatively the hardness of the packed lattice, we calculate a restoring oscillation period τ of oscillation in the potential valley, φ(Ω). To do so, we need physical values of the packed lattice. In the vicinity of the minimum energy point, we may well approximate the LJ potential by the parabolic function as follows:
The values of k's are given in Table II . The restoring period of the motion of a chain around the minimum energy state in the parabolic potential φ is given by
where I is the moment of inertia of the central chain molecule of the hexagonal configuration around the center of mass r c , i.e., I = 20 s=1 m (r s − r c ) 2 ∼ 79.1mσ 2 . By plugging the k's values given in Table II and the obtained I value into Eq. (3), the restoring period τ of the central chain is calculated to be about 0.36 ps as given in Table II . This value is of the same order as the torsional bonded potential. This fact indicates that the non-bonded LJ potential among chain molecules is strengthened by hexagonal packing to the same order as the torsional bonded potential. Consequently, the non-bonded LJ potential acts to bind strongly neighboring chains as if it were the bonded potential.
By using the obtained τ , for the unit hexagonal cell, we shall next go on to estimate the resultant relaxation time of the whole domain. Since the restoring information must pass over 9 unit neighboring hexagonal cells until the information reaches the edge of the domain from the contact surface, the time delay is estimated to 9 × τ ∼ 3.2 ps. This obtained value is of the same order as the simulation result, of 4 ps. The difference between the values must be caused by the omission of the bonded potentials in the 7 rigid-chain model.
In conclusion, it is demonstrated that hexagonally packed chain molecules at low temperatures behave as if they were quasi-rigid bodies, despite the fact that the packing is done preliminarily by the weak, non-bonded short-range LJ potential.
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